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(54) Process for preparing propylene copolymers 



(57) Described herein is a process for preparing pro- 
pylene copolymers. The process comprises the steps of 
polymerizing propylene with comonomsrs in at least one 
slurry reactor and at least one gas phase reactor, at least 
10 % of the polymer product being produced in the gas 
phase reactors); recovering from the slurry reactor a 



copolymerization product containing un reacted mono- 
mers and conducting the copolymerization product to a 
first gas phase reactor essentially without recycling of 
the unreached monomers to the slurry reactor before the 
gas phase reactor. The process will provide high ran* 
domness copolymers, which are very soft. 
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Description 

Background of the Invention 

Field of the Invention 

The present invention relates to the production of 
propylene based copolymers having a high comonomer 
content. In particular, the present invention concerns a 
process for preparing propylene copolymers in a reactor 
system comprising a combination or at leasi one slurry 
reactor and at least one gas phase read or. The inven- 
tion also concerns an apparatus for carrying out the 
process. 

Description o f Related Art 

The softness, impact resistance and heat sealing 
properties of propylene-based polymers can be in- 
creased by coporymerizing propylene wilh olher olefins, 
such as ethylene, i-buiylene end the like. Boih bulk end 
gas phase processes have been employed. However, 
the comonomers used during polymerization cause 
swelling of the polymers in the polymerization medium 
of bulk processes. As a result, when swoiion and soft 
polymer particles are flashed after polymerization, the 
morphology of the particles is destroyed and ihe bulk 
density of the powderized polymer becomes very low. 
At the same time amorphous material accumulates on 
the surfaces of the powder. Sticky low-density material 
agglomerates easily on the walls in the flash lank and 
causes problems during transportation. These prob- 
lems increase when the proportion of comonomers in- 
creases. 

For this reason, in the prior art the polymer ization 
has mainly been carried out by using gas phase proc- 
esses. These processes have thus been proposed for 
the production of sticky, but fluidizable products (EP 0 
237 003) and for rubbery products, e.g, EPR and EPDM, 
(EP 0 614 917). In said processes, the gas velocity ol 
the fluidized bed reactor ts sufficient to cause the parti- 
cles to separate and act as a fluid However, the polymer 
in the fluid bed reactor is passed through essentially in 
a plug flow mode. 

Gas phase processes are also favoured for high 
comonomer content products, cf. EP 0 674 991, EP 0 
584 574, EP 0 605 001 and EP 0 704 464. 

However, a problem relating to gas phase reactors 
is formed by their long residence times which means 
long transition times and possible productions losses. 
This is especially true for multireactor processes, Cata- 
lyst productivity in a gas phase process is low. which 
means higher catalyst and production costs. 

In order to draw benefiie from the different advan- 
tages of the slurry bulk and the gas phase reaclors, re- 
spectively, some combinations of bulk and gas phase 
reactors for preparing copolymers of propylene have 
been suggested in the art. However, to date, none of the 



prior art processes meets the requirements for flexibility 
and low production costs dictated by the production of 
large varieties of poiyolefn qualities using one and the 
same process configuration. In particular, recycling of 
5 rather large amounts of unreacted monomers 10 the 
slurry reactor, which is a typical feature of the known 
processes, impairs the loop reactor dynamics and slows 
up the transition to novel product qualities. 

An improved iwo-stage process for polymerization 

10 of propylene in a combination of a loop reactor and a 
gas phase reactor is disclosed in US Patent No. 
4,740,550. The main object of US 4,740.550 is to pro- 
vide a process for preparing a block copolymer of high 
quality by feeding homopolymer with narrow residence 
time distributron to the block copolymeflzation stage. 
The process disclosed comprises the following stages: 
a first stage consisting of nomopolymerization in a bulk 
loop reactor, a second stage homopclymg nzatlon In a 
gas phase reactor, fines removal in a cyclone between 

20 the first and second stage, and, finally, impact copofy- 
merization in an additional gas phase reactor. 

Before the polymerization product of the loop reac- 
tor is fed into the gas phase the fines fraction is removed 
end circulated back to the loop reactor. Together with 

2$ the fines a part of the monomers Irom the gas phase 
reactor is recycled directly to the first stage loop reactor. 

There are some considerable problems related to 
this prior art. Thus, if ell fines are removed from the re- 
actor outlet of the loop reactor and circulated back to the 

30 loop reactor, there is a considerable risk that the loop 
reactor eventually will be filled with inactive catalyst or 
slightly polymerized dead fines. On the other hand, if a 
portion ol the fines stream would be combined with the 
product from the last reactor Ihis might cause inhomog- 

3* enity problems in the final product. Further. If a portion 
of the fines stream « separately collected and blended 
with a separate homopolymer as also suggested in US 
4,740,550. this leads to complicated and economically 
unacceptable operation. 

40 

Summary of the Invention 

It is an object or the present invention to eliminate 
the problems related to the prior art of single ana multi- 
4$ pie -reactor processes and to provide a novel pxcc&%% 
lor preparing copolymers of propylene. 

It is another object 01 the invention to provide a high- 
ly vereilile process which can be used for preparing a 
wide range of different copolymer products of propyl- 
£0 ene. 

it is a third object ol the invention to provide an ap- 
paratus for producing propylene copolymers. 

These and other objects, togolhor with the advan- 
tages thereof over known processes, which shall be- 
ss come apparent from specification which follows, are ac- 
complished by the invention as hereinafter described 
and claimed. 

The process according to the present invention is 
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based on a combination of at least on© slurry reactor 
and at least one gas phase reactor connected in series, 
in that order, to lorm a cascade. Propylene copolymers 
are prepared in the presence of a catalyst at elevated 
temperature and pressure. According to the invention, s 
the polymerization product of at least one slurry reactor, 
containing unreacted monomers, is conducted to the 
first gas phase reactor with minimum or no recycling of 
monomer back to the slurry reactor. In connection with 
the present invention it has been found that fmpaei co- io 
polymers of high quality can be produced with a two* 
stage homopolymerization followed by a impact eopoi- 
ymerfcalion step without any fines removal and circula- 
tion either after the first or second stage coporymeriza- 
tion. In the present Invention, it is possible to minimize 
the amount of circulation by using the specific sequence 
of reactors and by selecting the relative amounts pro- 
duced in each reactor with that object In mind. 

According to another aspect of the Invention, si 
least one slurry reactor and el least one gas phase re- 20 
actor connected in series are employed as a reactor sys- 
tem, the at least one slurry reactor being a bulk loop 
reactor operated at high or super critical temperature, 
and the content of the slurry reactor, including the co- 
polymer product and reaction medium containing unre- 29 
acted monomers, is led directly into the gas phase re- 
actor fluidized bed using a conduit interconnecting the 
slurry reactor and the gas phase reactor. 

More specifically the process according to the 
present invention is mainry characterized by whal is stat- 30 
ad in the characterizing part of claim i, 

The apparatus according to the present invention is 
characterized by what is stated in the characterizing part 
of claim 32. 

The invention achieves a number of considerable as 
advantages. With the present arrangement it has been 
found that the monomers fed into the first reactor can. 
to a large extent or fufly. be consumed in the gas phase 
reacror(s) after the slurry reactor. This is possible due 
to gas phase operation with small amount of gas leaving <o 
whh the polymer product. The loop reactor dynamics in 
the cascade provides fast transitions and high produc- 
tivity. Fast start-ups are also possible because the gas 
phase bed material is available directly from the loop 
reactor. With the loop and gas phase reactor cascade rt 4& 
is possible to produce a large variety of different broad 
molecular weight distribution or bimodal products. The 
at feast one gas phase reactor provides high flexibility 
in the reaction rate ratio beiween the first and second 
part or the product because of adjustable bed level and so 
reaction rale. Funher, the gas phase reactor having no 
solubility limitations makes ft pssible to produce poly> 
mere of high and very high comonomer content. 

The loop-gas phase reactor combination have 
greatly reduced residence times and production losses Ss 
in comparison to gas phase - gas phase murtireactcr 
procossee. 



Srlef DeaeHEMog of m» Drawjnos 



Figure 1 depicts in a scJnerr)a\ki fashion the process 
configuration of a first preferred embodiment of the 
invention: and 

Figure 2 depicts in a schematic fashion the process 
configuration of a second preferred embodtfnent of 
the invention. 

Detailed Description of *k- )™^t;^ 

Definitions 



For the purpose of the present invention, "slurry re- 
actor" designates any reactor, such as a continuous or 
simple birred lank reactor or loop reactor, operating in 
bulk or slurry and in which the polymer forms in panic- 
ulate form. -Bulk- means a polymerization in reaction 
mecpum that comprises at least 60 wt-% monomer. Ac- 
cording to a preferred embodiment the slurry reactor 
comprises a bulk loop reactor. 

By -gas phase reactor' is meant any mechanically 
mixed or fluid bed reactor. Preferably the gas phase re- 
actor comprises a mechanicalry agitated fluid bed reac- 
tor with gas velocities of at least 0.2 m/eoc. 

•High temperature polymerization- stands for po- 
lymerization temperatures above a limiting temperature 
of fio °c known to be harmful for high yield catalysts of 
related prior art. At high temperatures the stereospecif- 
icity of the catalyst and the morphology of the polymer 
powder can be tosl This does not take place with the 
particularly preferred type of catalysts used in the inven- 
tion which is described below. The high temperature po- 
lymerization takes place above the limiting temperature 
and below the corresponding critical temperature of the 
reaction medium. 

■Super critical polymerization' designates polymer- 
ization that takes place above a corresponding critical 
temperature and pressure of the reaction medium. 

By 'direct feed* is meant a process in which the con- 
tent of a slurry reactor, comprising the polymerization 
producl and the reaction medium, is lead directly to the 
fluidized bed of a gas phase reactor. 

■Reaction zone - elands lor one or several reactors 
of similar rype producing the same type or characteris- 
tics of polymer connected in the series. 

The expressions 'essential* without monomer re- 
cycling* and 'wilh minimum or no monomer recycling- 
are synonymously used 10 indicate that no more than 
about 30 wt-%, preferably less than 20 wi-% and m par- 
ticular none of the monomers is recycled to the slurry 
reactor. By contrast, in a normal slurry process, 50 wt- 
% or more of the monomer is recycled. 

The overall process 



The presBnl invention concerns a multistage proc- 
ess consisting ol a bulk reaciion 2one including at least 
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one slurry reactor, and a gas phase reaction zone in- 
cluding at least one gas phase reactor in cascade after 
at least one slurry reactor with a minimum or no recy- 
cling of monomer back to the first reactor and with direct 
feed or indirect feed to the gas pnase lor homo- or cc- s 
polymerizing propylene. 

In the direct feed process the content of the slurry 
reactor, the polymerization product and reaction medi- 
um, is conducted directly to the fluidized bed reactor 
The product outlet from the slurry reactor can be discon- 
tinuous, or preferably continuous. The slurry is led as 
such without separation of any gases or panicle streams 
based on different particle size. No particles are recy- 
cled to the preceding reactor. Optionally, the line be- 
tween the slurry reactor and the gas phase reactor can 
be heated in order to evaporate only a part or all ol the 
reaction medium before it enters the gas phase reactor 
polymer bed. 

The reaction is continued h the gas phase reactor(s). 
All or practically all (at least about 90 %) of the monomer 
entering the gas phase from the slurry reactor is part of 
the reactor gas inventory until it is converted into ihe pol- 
ymer. 

In two reactor operation the polymer leaving the gas 
phase reactor with the outlet system enters a soricVgas 
separation unit. The polymer from the bottom is fed to 
further processing steps and the gas is compressed and 
circulated back to the gas phase reactor after purifica- 
tion steps. Typically light inerts, such as methane and 
ethane, and heavier inerts such as propane and oligom- 
ers are removed in these purification steps. The purifi- 
cation can be performed with distillation or membrane 
separation. In case of distillation the monomers are cir- 
culated back to the gas phase reactor mainly as liquid. 

In three reactor operation the polymer leaving the 
1st gas phase reactor with the outlet system enters a 
solid/gas separation unit. The polymer from the bottom 
is fed further to 2nd gas phase reactor and the gas is 
compressed and circulated back to the 1st gas phase 
reactor after purification steps. Typically light inerts, 
such as methane and ethane, and heavier inerts such 
as propane and oligomers are removed in these purifi- 
cation steps. The purification can be performed with dis- 
tillation or membrane separation. In case of distillation 
the monomers are circulated back to the gas phase re- 
actor mainly as liquid. 

Optionally In three reactor operation the polymer 
leaving the 1st gas phase reactor with the outlet system 
enters the 2nd gas phase reactor directly with the ac- 
companying gas. 

In three reactor operation the polymer leaving the 
2nd gas phase reactor with the outlet system enters a 
solid/ gas separation unit. The polymer from the bottom 
is red to further processing steps and the gas is com- 
pressed and partly circulated back to the 2nd gas phase 
reactor directly, partly after purification steps. Typically 
lighl inerts. such as methane and ethane, and heavier 
inerts such as propane and oligomers are removed in 



these purification steps. The purification can be per- 
formed with distillation or membrane separation Incase 
of distillation an ethylene rich 6iream is circulated back 
to the 2nd gas phase reactor and a propylene-propane 
stream is fed to propane and oligomers removal steps. 

The polymerization products are obtained by using 
a catalyst. The catalyst can be any catalyst providing 
adequate aclivrty at elevated temperature. The pre- 
ferred catalyst system used comprises a high yield 2ie- 
gler-Natta catalyst having catalyst component, a co-cat- 
alyst component, an external donor and, optionally, an 
internal donor. Another preferred catalyst system Is a 
metallccene-based catalyst, e.g. having a bridged lig- 
and structure giving high stereoselectivity, and which is 
impregnated on a carrier or support in the form of an 
activated complex. 

The polymerization temperature is 60 to 85 "C. The 
slurry reactor is operated at elevated pressure at least 
35 bar up to 100 bar, and the gas phase reactor(s) at 
least 10 bar up to dew point pressure. Alternatively any 
reactor of the reactors in the series can be operated 
above the critical temperature and pressure. 

Propylene and one or more other to C 16 olefins, 
e.g. ethylene, t-butene, 4-melhyl-1-pentene, 3-methyl- 
i-butene, 1-hoxene. 1 -octane, 1-decene, cSenes, or cy- 
clic olefins, e.g. vinylcyclohexane or cyciopontene, is 
subjected to polymerization and copolymerttalion, re- 
spectively, in a plurality of polymerization reactors con- 
nected in series. The comonomer olafin(s) can be used 
in any of the reactors. Different amounts of hydrogen 
can be used as a molar mass modifier or regulator in 
any or every reactor. 

The desired copolymers of propylene can be recov- 
ered from the product separation means of the gas 
phase reaction zone. 

The catalyst 

The polymerization products are obtained by using 
a catalyst. As catalyst any stereospeciflc catalyst for 
propylene can be used, which ha6 high yield and useful 
polymer properties e.g. isotacticity and morphology at 
the high temperature and possible supercritical polym- 
erization. The preferred catalyst system used comprises 
a high yield Ziegier-Natta catalyst having catalyst com- 
ponent, a cocatatyst component, optionally, an external 
donor and an internal donor. Another preferred catalyst 
system is a metallocene catalyst having a bridged ligand 
structure giving high stereoselectivity, and which has an 
active complex impregnated on a carrier. Finally, the cat- 
alyst is preferably any other catalyst providing adequate 
activity at elevated Temperature. 

Examples of suitable systems are described in. tor 
example. Ft Patents Nos. S6Q66. 96615 and 88047. 
88048 and 83049. 

One particularly preferable catalyst, which can be 
used in the present invention is disclosed in R Patent 
No. 68047. Another preferred catalyst is disclosed in Ft 
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Patent Application No. 963707. 

Further preferred catalysis are disclosed in PCT/R 
97/00191 and PCT/FI97/00192. 

Preporymerizatlon 

The catalyst can be prepolymerized prior to leeding 
Into the first polymerization reactor of the series. During 
prepolyrnerization the catalyst components are contact- 
ed with a monomer, such as an olefin monomer, before 
feeding into the reactor. Examples of suitable systems 
are described in, for example, Fl Patent Application No. 
R 961152. 

It is also possible to carry out the prepolymerization 
in the presence of a viscous substance, such as an 
oieflnic wax, to provide a prepolymerized catalyst which 
is stabile during storage and handling. The catalyst pre- 
polymerized In wax will allow for easy dosing of the cat- 
alyst into the polymerization reactors. Examples of suit- 
able systems are described in, for example. Fl Paieni 
No. 95387. Typically about 1 part of catalyst is used for 
a maximum of 4 parts of polymer. 

The monomer used for prepolymorizaiion can be 
selected from the group consisting of propylene, 
1-butene, 4-methyM -pentene, 3-methyl-1 -bulene, vi- 
nylcyclohexane, cyclopentene, 1-hexene, i-cctsne, 
and i-decene. 

The prepolymerization can be performed batchwise 
in wax or in a continuous prepolymerization reactor or 
Ina continuous plugflowtype prepolymerization reacior. 

Polymerization 

The invention is based on the combination of al 
least one slurry reactor and at least one gas phase re- 
actor connected In series, called a cascade. 

The equipment of the polymerization step can com- 
prise polymerization reactors of any suitable type. The 
slurry reactor can be any continuous or simple stirred 
tank reactor or loop reactor operating in bulk or slurry 
and the polymer forms in particular form in the reactor. 
Bulk means a polymerization in reaction medium that 
comprises of al least 60 % (w/w) monomer. The gas 
phase reactor can be any mechanically mixed or fluid 
bed reactor. According to the present Invention the slur- 
ry reactor is preferably a bulk loop reactor and the gas 
phase reactor Is a fluidized bed type reactor with a me- 
chanical stirrer. 

Any reactor in the process can be a super critical 
polymerization reactor. 

The production split between the slurry reactor and 
the 1st gas phase reactor(s) is 65:95-50:50 when mon- 
omer recycling back to the slurry reactor is allowed. In 
contrast, the production split between in© slurry reactor 
and the gas phase reactor(e) is less then or equal to 50; 
50 when no recycling back to the slurry reacior is re- 
quired. In all the cases the production splil is more than 
10:90. Thus, according to a preferred emoodiment. 10 



to 50 wt-% of the polymer is prepared in the slurry reac- 
tion zone and no monomer is recycled to the slurry re- 
actor zone. When 50 % to 65 % ol the polymer is pre- 
pared in the slurry reaction zone, a small monomer 
5 amount of the monomer has lo be recycled to the slurry 
reactor irom the gas phase reaction zone. 

According to the invention the polymerization proc- 
ess comprises at least the following steps of 

10 subjecting propylene and optionally other olefins to 
polymerization or copolymerization in a first slurry 
polymerization zone or reactor, 
recovering the first polymerization product Irom the 
first reaction zone with the reaction medium, 

75 . directly or indirecly feeding the first polymerization 
product into a gas phase polymerization zone or re- 
actor, 

optionally feeding additional propylene and/or 
comonomer(s) to the second reaction zone, 
20 . subjecting the excess propylene and/or comono- 
mers from isl zone and additional propylene and/ 
or comonomer(s) to a second polymerization reac- 
tion in the presence of the first polymerization prod- 
uct lo produce a second polymerization product, 
25 . reoovering the polymerization product from second 
reaction zone, and 

separating and recovering the polypropylene from 
the second reaction product. 

oo Additionally the process can also comprise one or 
more of the following additional steps 

prepoiymerijing catalysl with one or more mono- 
mers). 

35 . separating gas from the second reaction zone prod- 
uct, 

leeding the recovered polymerization product ol the 
earlier zones to a third or fourth reaction zone or 
reactor, 

40 . optionally feeding additional propylene andfor 
cornonomer(s) to the third and lourth reaction zone, 
subjecting the excess propylene and/or comono- 
mer(s) and additional propylene and/or comono- 
mers to third and fourth polymerization reaction in 
45 the presence of the polymerization product of tne 
earlier zones to produce a third or fourth polymeri- 
zation product, and 

recovering irt e polymerization product Irom the third 
or fourth reaction zone, and 
so . separating and recovering the polypropylene from 
the third or fourth reaction product. 

In the first step of the process, propylene with the 
optional oomonomer(e) together with the activated cat- 
alyet complex and optional cocatatyst and other aid 
components ere fed into the first polymerization reactor. 
The catalyst can be prepolymerized or it is prepolymer- 
ized before feeding to the process. Along with the afore- 
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mentioned components hydrogen as a molar mass reg- 
ulator can be fed into the reactor in the amount required 
tor achieving the desired molar mass of the polymer. In 
the embodiment of no circulation back to the slurry re- 
actor only freGh monomer is led into the first reactor. 5 

Alternatively, in the embodiment of minimum recy- 
cling of the monomer back to the slurry reactor, the lead 
of the reactor can consist of the recycled monomer from 
the following reactorfs), passed through a recovery sys- 
tem, if any, together with added fresh monomer, hydro- to 
gen, optional comonomer(s) end catalyst componenis. 

In all of the embodiments the presence of propyl- 
ene, optional comonomer(s), coeaialyst and other aid 
components, the activated catalyst complex will polym- 
erize and form a product in particulate form, i.e. polymer 
panicles, which are suspended in the fluid circulated in 
the reactor. 

The polymerization medium typically comprises the 
monomer and optionally a hydrocarbon, and thg fluid is 
either liquid or gaseous. In the case of slurry reactor, in so 
particular a loop reactor, the fluid is liquid and the sus- 
pension of polymer is circulated continuously through 
the slurry reactor, whereby more suspension of polymer 
in particle form in hydrocarbon medium or monomer will 
be produced. According to preferred embodiment, the « 
first polymerization or copolymerization reaction is car- 
ried out in a reaction medium mainly consisting propyl- 
ene. Preferably at least 60 weight percent of the medium 
is propylene. 

The conditions of the slurry reactor are selected so 30 
that at least 10 wv%, preferably ai least 12 wt-% of the 
whole production is polymerised in the first slurry reac- 
tor. The temperature is in range of 60 to 85 *C, and even 
more preferably for homopolymers and high random- 
ness copolymer 75 to 85 °C and for copolymers ol high as 
comonomer content 60 to 75 *C, The reaction pressure 
is in the range of 30 to 1 00 bar. preferably 35 to 80 bar. 

In slurry polymerization zone more than one reactor 
can be used in series. In such a case me polymer sus- 
pension in an inert hydrocarbon or in monomer pro- 4C 
duced in the 1st slurry reactor is fed without separation 
of inert components and monomers periodically Of con- 
tinuously to the following slurry reactor, which acts at 
lower pressure than the previous slurry reactor. 

The polymerization heat is removed by cooling the « 5 
reactor with a cooling Jacket, The residence lime in the 
slurry reactor must be at lest 10 minutes, preferably 
20-100 mrn ror obtaining a sulficient degree of polymer- 
ization. This is necessary to achieve polymer yields of 
at least 40 kg pP/g cat. It is also advantageous id oper- SO 
ate the slurry reactor with high solid concentrations, e. 
g. 50 % for homopolymers and 35 or 40 % for some co- 
polymers when the particles are swelling. If the solid 
concentration in the loop reactor is too low, the amount 
of reaction medium conducted to the second reaction 
zone or gas phase reactor is increasing. 

The content of the slurry reactor. thB polymerization 
product and reaction medium, is led directly 10 the next 



gas phase reactor fluidized bed. 

The second reactor it preferably a gas phase reac- 
tor, wherein propylene and optionally comonomer(s) are 
polymerized in reaction medium which consists of gas 
or vapour. 

The gas phase reactor can be an ordinary fluidized 
bed reactor, although other types of gas phase reactors 
can be used. In a fluidized bed reactor the bed consists 
of the formed and growing polymer particles as well as 
still active catalyst come along wkh the polymer fraction. 
The bed is kept in e fluidized state by introducing gase- 
ous components, e.g. monomer on such flow rale (at 
least 0.2 m/s) which make the particles act as a fluid. 
The fluidizing gas can contain also inert gases, like ni- 
trogen and also hydrogen as a modifier In the invention 
it is not recommendabie to use unnecessary Inert gases, 
which may cause problems In the recovery section, 

The gas phase reactor used can be operated in the 
temperature range or 50 to 115 "C, preferably between 
60 and 110 *C and reaction pressure between 10 and 
40 bar and the partial pressure of the monomer is pref- 
erably between 2 and 30 bar or more, but always below 
the dew point pressure. 

According to one preferred embodiment, no fresh 
propylene is fed to the first gas phase reactor other than 
what is required for various flushings. 

The pressure of the second polymerization product 
including the gaseous reaction medium is then reduced 
after the first gas phase reactor in order to separate part 
of the gaseous and possible volatile components (e.g. 
heavy comonomers and compounds used for catalyst 
feeds) of the product e.g. in a flash tank. The overhead 
gas stream is recirculated through the recovery system 
back to ihe first gas phase reactor or partly to the first 
gas phase reactor and partly to the slurry reactor. Some 
of the monomers, typically the heavier comonomers, 
can be recycled to ihe bulk reaction zone. 

If desired, the polymerization product can be fed in- 
to a second gas phase reactor and subjected to a third 
polymerization reaction to produce a modified polymer- 
ization product from which the polypropylene is sepa- 
rated and recovered. The third polymerization reaction 
Is carried out in a gas phase reactor In the presence of 
comonomers which give the third polymerization prod- 
uct properties, e.g. softness. 

Summarising what has been stated above, one par* 
licuiarly preferred embodiment of the invention compris- 
es (Fig. 1) 

polymerizing propylene in a loop reactor at a pres- 
sure of 40 to 80 bar, at a temperature of B0 to 100 
°C and hydrogen is used to control the molar mass 
of the polymerization product, 
recovering the polymerization product from the loop 
reactor and conducting it to a gas phase reactor flu- 
id bed, 

optionally feeding additional propylene and optional 
comonomer to me gas phase reactor, 
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optionally feeding additional hydrogen to the gas 
phase reactor to control the hydrogen -to-propylene 
ratio to provide the deBired molecular mass of the 
polymerization product. 

recovering the polymerization product from the gas 
phase reactor and conducting it to a flash tank, 
wherein the pressure of the product is reduced to 
produce an overhead product containing essential- 
ly non-reacted propylene and hydrogen and a bot- 
tom product primarily containing polymerized sol- 
ids, 

recycling the overhead product or at least a major 
part of it to the gas phase reactor via a recovery 
section, and 

recovering polypropylene polymer as the bottom 
product ol the flash tank. 

According to the second particularly prelerred em- 
bodiment (Fig. 1): 

propylene and coporymeits), e.g. ethylene or 
1 -but one or both, are polymerised in a loop reactor 
at a pressure of 40 to ao bar, at a temperature of 60 
to 80 °0 and hydrogen is used to provide a polym- 
erization product having the desired molar mass, 
the polymerization product from the loop reactor ie 
conducted directly to a gas phase reactor fluid bed, 
optionally additional propylene and comomomer(s) 
are fed to the gas phase reactor, 
optionally additional hydrogen is fed to the gas 
phase reactor to control the hydrogen-to-propylene 
ratio to provide desired molecular mass of the po- 
lymerization product, 

the polymerization product is recovered from the 
gas phase reactor and conducted to a flash tank, 
wherein the pressure is reduced to produce an 
overhead product containing essentially non-react- 
ed monomers and hydrogen and a bottom product 
primarily containing polymerized solids, 

- the overhead product or at least a major part of it is 
recycled to the gas phase reactor via a recovery 
section, and 

polypropylene polymer is recovered as the bottom 
product of the flash tank. 

According to the third particularly preferred embod- 
iment (Pig. 2): 

propylene and optionally comonomers are polymer* 
ised in a loop reactor at a pressure of 40 to ao bar, 
at a temperature of 60 to 100 °C and hydrogen is 
used to control iho molar mass of the polymeriza- 
tion product, 

- the polymerization product from the loop reactor is 
recovered and conducted to a gas phase reactor 
fluid bed, 

optionally add rt tonal propylene and optional com on - 
omer is fed to the gas phase reactor. 



- additional hydrogen is optionally fed to the gas 
phase reactor to control the hydroaen-to-propylene 
ratio to provide desired molecular mass of the po- 
lymerization product. 

5 - the polymerization product Irom the first gas phase 
reactor is recovered and conducted to an interme- 
diate flash tank, wherein the pressure of the product 
is reduced to produce an overhead product contain- 
ing essentially non-reacted monomer(s) and hydro- 

io gen and a bottom product primarily containing pol- 
ymerised solids, 

the overhead product or at least a major part of it is 
recycled to the first gas phase reactor via a recovery 
section, 

is ♦ the polypropylene polymer from the bottom of the 
intermediate flash tank is fed to a third polymeriza- 
tion reaction via a polymer feed system, 
the third polymerization reaction Is carried out in a 
gas phase reactor in the presence of comonomers, 

20 • the polymerization product from the second gas 
phase reactor is recovered and conducted to a flash 
tank, wherein the pressure Of the product is reduced 
to produce an overhead product containing essen- 
tially non-reacted monomer(s) and hydrogen and a 

ss bottom producl containing primarily polymerised 
solids, 

optionally the polymerization product from the third 
polymerization can be conducted directly or via a 
flash tank to a third (fourth etc.) gas phase polyrrv 
30 erlzation reactor, wherein polymerization ia carried 
out in the presence of comonomers. 

These above-mentioned two preferred embodi- 
ments are also depicted in the attached drawings, which 
£5 illustrate the particular configuration of process equip- 
ment used. The numerals refer to the following pieces 
of equipment; 

i; 101 - prepoJymerization reactor 

40 30; 130 catalyst reservoir 

31 ; 1 31 feeding device 

32; 132 diluent (optional) 

33; 133 catalyst/diluent mixture 

34; 134 monomer 
35; 1 35 cocatalyet and possible donors 

40; 140 loop reactor 

42; 142 diluent feed (optional) 

43; 143 monomer feed 

44; 144 hydrogen feed 

So 45; 145 comonomer teed (optional) 

46; 146 back to the loop reactor 40; 140 

through the line 46; 146 
47; 147 one or several exhaust valve 

150b flash separator 

55 i52b removing line 

60; 160; 160b gas phase reactor 
61 ; 161; 161 b gas transfer line 
62: 162; 162b compressor 



l; 101 



40 


30; 


130 




31; 


131 




32; 


132 




33; 


133 




34; 


134 


45 


35; 


135 




40; 


140 




42; 


142 




43; 


143 




44; 


144 


SO 


45; 


145 




46; 


146 




47; 


147 



150b 
SB !S2b 

60; 160; 160b 
61 ; 161; 161b 
62: 162; 162b 
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63; 163, io3D 


rnonom 9r feed 


64; 164; 164b 


comanomer leed 


65: 165; 165b 


hydrogen feed 


66; 166; 166b 


transfer line 


67; 167 


product transfer line 


66; 168 


polymer product recovery system, e 




g. flash tank 


69; 169 


recovery line 


70; 170 


monomer recovery system 



Turning to figure 1 , it can be noted that catalyst from 
reservoir 30 is fed to the feeding device 31 together with 
optional diluent from line 32. The feeding device 31 
feeds the catalyet/dUuent mixture into the pre polymeri- 
zation chamber 1 via line 33. Monomer is fed through 
34 and cocataiyst and possible donors can be ted into 
the reactor 1 through conduits 35 or, preferably, the co- 
cataJyst and donor(s) are intermixed and fed in line 35. 

From the prepoiymerization chamber 1 ihe prepo- 
lymerized calalyst le removed preferably directly 
through line 36 and transferred to a loop reactor 40. In 
the loop reactor 40 the polymerization is continued by 
adding an optional diluent from the line 42, monomer 
from line 43, hydrogen from line 44 and an optional 
comonomer from line 45 through the line 46. An optional 
cocalafyel can also be introduced into Ihe loop reactor 
40. 

From the loop reactor 40 the polymer-hydrocarbon 
mixture is fed through one or several exhausl valves 47 
described in. e.g.. R Patent Applications Nos. 971366 
or 971 367. There is a direct product transfer 67 from the 
loop reactor 40 to gas phase reactor 60. 

In the lower part of the gas phase reactor 60 there 
is a fluid bed consisting of polymer particles, which will 
be kept in a fluidized state in an ordinary way by circu- 
lating the gases removed from the top of the reactor 60 
though line 61 , compressor 62 and a heat exchanger 
(not presented) to the lower part of the reactor 60 in an 
ordinary way. The reactor 60 is advantageously, but not 
necessarily, equipped with a mixer (described in Fl Pat- 
ent Application No. 933073, not shown in the figure). To 
the lower part of the reactor 60 can be led in a well known 
way monomers from line 63. optionally comonomer from 
line 64 and hydrogen from the tine 65. The product will 
be removed from the reactor 60 continually or periodi- 
cally through the transfer line 66 to the flash tank 66. 
The overhead product of the recovery system is circu- 
lated lo Ihe gas phase reactor via a monomer recovery 
system. 

The embodiment shown in Figure 2 differs from the 
one in Figure 1 only in ihe sense that product from gas 
phase reactor 160 is fed into the additional gas phase 
reactor 160b. The polymer particles are removed from 
the flash tank 166 and the polymer teed lank 150b 
through the removing line 1 52b to the gas phase reactor 
160b. The gas phase reactor is advantageously 
equipped with a mixer (not shown). 

The overhead of the flash separator 166b rs recy- 



cled panly to the gas phase reactor 1 60b and partly to 
ihe monomer recovery system. 

in both of the above presented embodiments, the nu- 
merals 70 and 170 signify separation means, such as 
s membrane unit or stripping columns, which are capable of 
freeing the recycle monomer of the gas phase reactor(s) 
(60. 1 60 and 1 60b) or of the separators (66 . 1 6S and 1 68b) 
from hydrogen and/or light inert hydrocarbons typicalty 
having a lower boiling point than the monomer(s). 

w 

The polymers 

The products produced according to the present in- 
vention are polypropylene copolymers including poly- 

16 propylene terpolymers. In particular, it is possible by 
means of the present nvennon to produce high random- 
ness copolymers, which are very soft. The copolymers 
contain at least 0.5 wt-% of a comonomer. fcn particular 
at least about 2 wt-% and preferably up to 20 wt*% of a 

so comonomer. A typical comonomer content is about 2 to 
12 wt-V An essential feature of the invention is the high 
polymerization temperature used, preferably above 75 
°C. which will provide a more even comonomer distri- 
bution during copoiymerizations. The randomness, 

25 measured by FTIR, at a polymerization temperature of 
60 »C is 69 %. at 65 °C 71 %, and at a polymerization 
temperature of 75 f C in the first reactor and 80 *C in the 
second reactor 74 %. 

The following non-limiting examples illustrate the 

so principles of the present invention. 

Example 1 

A production scale plant was simulated to produce 

35 continuously random PP polymer. The plant comprises 
catalyst, alkyl, donor, propylene and ethylene feed sys- 
tems, a prepoiymerization reactor, a loop reactor and a 
fluidized bed gas phase reactor (GPR). 

Catalyst, alkyl. donor and propylene were fed lo the 

40 prepoiymerization reactor. The polymer slurry from the 
prepoiymerization reactor was ted to a loop reactor to 
which also ethylene, hydrogen and more propylene was 
fed. The polymer slurry from the loop reactor and addi- 
tional hydrogen, ethylene and propylene were tea to the 

4* GPP. The production m the reactors were 300 kg/h in 
prepoiymerization, 15 t/h in loop and 10 1/h in GPR. 

The prepotymerization reactor was operated at a 
pressure o» 56 bar and a temperature of 20 *C. The loop 
reactor was operated at a 55 bar pressure and a 75 °C 

SO temperature. The MFR (2.16 kg, 230 °C) of Ihe random- 
PP produced in the loop was set at 7 by adjusting the 
hydrogen feed and the ethylene content was set at 3.5 
% w/w via ethylene food. 

The GPR was operated at pressure of 35 bar and 

55 a temperature of 60 - C. The MFR (2.16 kg, 230 °C) of 
the random-PP in taken out of the GPR was adjusted to 
7 via the partial pressure of hydrogen and ethylene con- 
lent was adjusted to 3.5 % w/w via the partial pressure 
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of ethylene. 5 t/h of propane and 33 kg/h ethylene were 
recirculated from the GPR ouUet back to the loop reac- 
tor. The once-through conversions of propylene and eth- 
ylene were 83 % and 96 % respectively. 

Example 2 

A pilot plant operated continuously is used to pro- 
duce PP-copolymer with good impact and creep prop- 
erties. The plant comprises a catalyst, alkyl, donor, pro- 
pylene and ethylene feed syslerns. a prepoJymerization 
reactor, a loop reactor and 2 fluidized bed gas phase 
reactors (GPR). 

Catalyst, alkyl, donor and propylene are ted to the 
preporymerization reactor. The polymer slurry from the 
prepolymerlzation reactor is fed to a loop reactor into 
which also hydrogen, ethylene and additional propylene 
are fed. 

The polymer slurry Trom the loop reactor and addi- 
tional hydrogen and propylene are fed lo the tsl GPR. 
The polymer from 1st GPR is fed to 2nd GPR. Ethylene, 
some hydrogen and additional propylene was fed to the 
second GPR. The formed polymer and un reacted pro- 
pylene are separated after removal from the 2nd GPR. 

The catalyst used is a highly active and stereospe- 
cific ZNJ-catalyst made according to U.S. Patent No. 
5.234.B79. The catalyst is contacted with triethylalumin- 
ium (TEA) and dieydopentyldimethoxysilane (DCP- 
DMS) (Al/Ti ratio is 150 and Al/Do 10 (mole)) before 
feeding lo the preporymerization reactor. 

The catalyst is fed according to U.S. Patent No. 
5.385,992 and is flushed with propylene to the loop re- 
actor. The preporymerization reactor is operated at a 
pressure of 51 bar and a temperature of 20 *C and a 
mean residence time of the catalyst amounting to 7 min. 

The loop reactor is operated at a 50 bar pressure, 
75 °C temperature and mean residence time of ihe cal- 
alyst at 1 h. The MFR {2.1 6 kg, 230 "C) of the PP-rarv 
dompolymer produced in the loop ie controlled to be 7 
via hydrogen feed. The ethylene content is controlled lo 
be 3.5 % w/w via ethylene lead. 

The polymer slurry from the loop reactor is trans- 
ferred to the 1 st GPR. The 1S1 GPR reactor is operated 
at 29 oar total pressure and 21 bar partial pressure of 
propylene, 80 *C temperature and mean residence time 
of the catalyst at 1 .5 h. The MFR {2. 16 kg, 230 "C) of 
Ihe PP-randornpolymer taken out of the GPR is control- 
led lo be 10 via partial pressure of hydrogen. The eth- 
ylene content is controlled to be 2 % w/w via production 
split between the reactors. 

The polymer from the 1 at GPR is transferred to the 
2nd GPR. The 2nd GPR reactor is operated at a total 
pressure of 10 bar and a partial monomer pressure of 7 
bar, a temperature of 80 °C and a mean residence lime 
of the catalyst of 1.5 h. The MFH (2.18 kg. 230 °C) of 
the PP-copolymer taken out of the GPR is adjusted to 
7 using partial pressure of hydrogen. The ethylene con- 
tent is adjusted to 10 % w/w via partial pressure of eth- 



ylene and controlling the production split between the 
reactors. 

The desired properties are achieved with a produc- 
tion split comprising 1 % in prepolymerlzation 40 % in 
loop and 40 % in the first GPR and 19 % in the second 
GPR. 

Example 9 

A pilot plant operated continuously was used to pro- 
duce very soft PP-copolymer. The plant comprises a 
catalysi, alkyl, donor, propylene and ethylene feed sys- 
tems, preporymerization reactor, loop reactor and a flu- 
idized bed gas phase reactor (GPR). 

Catalyst, alkyl, donor and propylene was fed to the 
prepolymerization reactor. The polymer slurry Irom the 
preporymerization reactor was fed to a loop reactor in 
which alsohydrogen, etnytene and addrttonai propylene 
was fed. 

The polymer slurry from Ihe loop reactor and addi- 
tional ethylene . hydrogen and propyten e were fed to the 
GPR. The formed polymer and unreached monomers 
were separated after removal from GPR. 

The catalyst used was a highly active and stare- 
ospeeffic ZN-catakyst made according to U.S. Patent 
5.234,679. The catalyst was contacted with triethylalu- 
rninium (TEA) and dieydopentyldimethoxysilane (DCP- 
DMS) (Al/Ti ratio was 150 and Al/Do 10 (mote)) before 
feeding to the preporymerizalion reactor. 

The catalyst was fed according to U.S. Patent US- 
5.385-992 and was flushed with propylene to the loop 
reactor. The prepolymerization reactor was operated at 
51 bar pressure, 20 € C temperature and mean resi- 
dence time ol the catalyst at 7 min. 

The loop reactor waa operated at 50 bar pressure, 
75 °C temperature and mean residence time of the cat- 
alyst al 1 h. The MFR (2.16 kg, 230 °C) of the PP-ran- 
dompolymer produced in the loop was controlled to be 
4 via hydrogen feed. The ethylene content was control- 
led to be 3.0 % w/w via ethylene feed. 

The polymer slurry from the loop reactor was trans- 
ferred to the 1st GPR. The 1st GPR reactor was oper- 
ated at 29 bar total pressure and 21 bar partial pressure 
of propylene, 00 °C lemperature and mean residence 
time of the catalyst at 1.2 h. The MFR (2.16 kg, 230 *C) 
of the PP-randompoiymer taken out of Die GPR was 
controlled to be 2. 5 via partial pressure of hydrogen. The 
ethylene content was controlled to be 8 % w/w via pro- 
duction split between the reactors and partial pressure 
of ethylene. 

Desired properties are achieved with a production 
split ol 1 in preporymerization, 45 % in loop and 55 % 
in tho GPR. 

The polymer from the GPR could have been trans- 
ferred to another GPR lo produce even softer PP copol- 
ymer by having even higher partial pressure of ethylene 
in the 2nd GPR. 
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Example 4 

A pilot plant operated continuously was used to pro- 
duce PP-randompolymer, The plant comprises a cata- 
lyse alkyl, donor, propylene and ethylene feed systems, 
loop reactor and a fluidized bed gas phase reactor 
(GPR), Said components are fed to the loop reactor The 
polymer slurry from the loop reactor and additional hy- 
drogen, propylene and ethylene was fed to GPR. The 
formed polymer and unreacted propylene where sepa- 
rated after removal from GPR. 

The catalyst used was a highly active and stere- 
ospecific ZN-eatalyst made according to U S. Patent 
No. 5,234,679. The catalyst was prepolymerized with 
propylene (the mass ratio of PP/cat was 10) in batch 
according to Finnish Patent No. 95387. The prepolym- 
enzed catalyst was contacted with trietnylaiuminjum 
(TEA) and dicyclopentyldlmethoxyeilane (DCPPMS) 
(Ai/Ti ratio was 1 40 and At/Do 1 0 (mole)) before leedrng 
to the loop reactor, 

The catalyst was fed according lo US Patent 
5,385,992 and was flushed with propylene to the loop 
reactor The loop reactor was operated at 50 bar pres- 
sure, 75 P C temperature and mean residence time of 
the catalyst at 1 h. The MFR (2.t6 kg, 290 •C) of the 
PP-randompolymer produced in the loop was controlled 
io be 4 via hydrogen feed. The ethylene content was 
controlled to be 3.5 % w/w via ethylene feed. 

The polymer slurry from the loop reactor was trans- 
ferred to the GPR The GPR reactor was operated at a 
total pressure of 29 bar and a partial pressure of propyl- 
ene of 21 bar, a temperature of 80 °C, and a mean res- 
idence time of the catalyst of 1 5 h. The MFR (2.16 kg, 
230 e C) of the PP-random polymer taken out of the GPR 
was adjusted to 4 by controlling the partial pressure of 
the hydrogen. The ethylene content was controlled to 
be 3.5 % w/w via partial pressure of ethylene. Produc- 
tion split between the reactors was 55 % in loop and 45 
% in GPR. 

Example 5 

A pilot plant operated continuously was used to pro- 
duce PP-randompoiymer. The plant comprises a cata- 
lyst, alkyl. donor, propylene and ethylene lead systems, 
loop reactor and a fluidized bed gas phase reactor 
(GPR), Said components are led to the loop reactor. The 
polymer slurry from the loop reactor and additional hy- 
drogen and propylene was fed to the GPR. The formed 
polymer and unreacted propylene where separated al- 
ter removal from the GPR. 

The catalyst ueed was a highly active and stere- 
ospecific 2N-cataryst made according to US Patent No. 
5,234.679. The cetarysi was prepolymerized with pro- 
pylene (the mass ratio of PP/cat waB 10) in batch ac- 
cording to Finnish Patent No. 95387. The prepolymer- 
ized catalyst was contacted with triethylalurrrinium 
(TEA) and dicyciopentyldimsthoxysilene (DCPDMS) 
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(At/Ti ratio was 135 and Al/Do 10 (mole)) before feeding 
to the loop reactor 

The catalyst was led according to US Patent No. 
5.385.992 and was flushed with propylene to the loop 

s reactor. The loop reactor was operated at 50 bar pres* 
sure. 75 6 C temperature and a mean residence time ol 
the catalyst ol 1 h. The MFR (2.16 kg, 230 °C) of the 
PP-randompolymer produced in the loop was set at 0.2 
via hydrogen feed. The eihylene content was adjusted 

10 to 3.5 % w/w via ethylene feed. 

The polymer slurry from the loop reactor was trans- 
ferred to the GPR. The GPR reactor was operated at 29 
bar total pressure and 21 bar partial pressure of propyl- 
ene, BO °C temperature and mean residence time of the 

is catalyst at 1 .5 h. The MFR (2.16 kg, 230 m C) of the PP- 
random polymer taken out of the GPR was controlled to 
be 3 via partial pressure ot hydrogen. The ethylene con- 
tent was controlled to be 1.8 % w/w via production split 
between the reactors. Desired ethylene content was ac- 

20 chieved by using a production split of 40 % in loop and 
60 % in GPR. 



Claims 

25 

1. A process for preparing propylene copolymers, 
which comprises the steps of 

polymerizing propylene with comonomere in 
so the presence of a catalyst at an elevated tem- 

perature of 60 to 85°C and at an elevated pres- 
sure in at least one slurry reactor and at least 
one gas phase reactor, at least 10 % of the pol- 
ymer product being produced in Lhe gas phase 
35 reactor(s), 

recovering from the slurry reactor a copolymer- 
ization product containing unreacted mono- 
mers and 

conducting the coporymeteaiion product to a 
40 first gas phase reactor essentially without recy- 

cling of the unreacted monomers to the slurry 
reactor before the gas phase reactor. 

2. The process according to claim 1 , wnerein the po- 
45 lymerization product ot the slurry reactor comprises 

polymeric substances selected from lhe group con- 
sisting of polypropylene, propylene copolymers and 
mixtures of polypropylene and propylene copoly- 
mers. 

so 

3. The process according to claim 1 or 2, wherein the 
comonomer is selected from the group of Cg to C 16 
olefins. 

ss 4, The process according to claim 3. wherein the 
comonomer is selected from the group of ethylene, 
1-butene. 4-methyl-l-pentene, 3-methyH -buiene, 
1-hexene. 1-octene, 1-decene, dienes. vinylcy- 



30 



35 



40 



45 



10 

PAGE 14/20 * RCVD AT 4/8/2005 1 1 :36:50 AM [Eastern Daylight Time] * SVR:USPT0-EFXRM/4 * DNlS:8729306 * CSID:281 834 01 35 * DURATION (mm-ss):07-04 



APR-08-2005 11:01 



EXXONMOBIL 



281 834 0135 P. 15/20 



18 EPO< 

clohexane and cycbpentene. 

5. The process according to any ol the preceding 
claims, wherein the slurry reactor comprises a loop 
reactor and wherein the concentration ot propylene 
and the comonomer in tne reaction medium is over 
60 wi-% for forming a product in particulate form. 

6. The process according to any ol claims 1 to 5. 
wherein the slurry reactor is operated at a temper* 
ature in the range of 60 to 75 °C for preparing ran- 
dom and ter-copolymere. 

7. The process according to any ol claims 1 to 5, 
wherein the slurry reactor ie operated at a temper- 
ature in the range of 75 to 85 *C lor improved actrvr ty 
and comonomer randomness. 

a. The process according lo any ot claims 1 to 7, 
wherein less than about 30 % of the unreacied mon- 
omers are recycledtothe slurry reactor from the gas 
phase reactor. 

9. The process according to any ol claims 1 to S, 
wherein the slurry reactor is operated at a pressure 
in the range of 35 lo 100 bar. 

10. The process according to any ot claims 1 to 9, 
wherein the catalyst is selected from the group con- 
sisting of Ziegler-Natta catalysts and metsllocene 
catalysts. 

11. The process according to any of the preceding 
claims, wherein the reaction medium of the polym- 
erization product is evaporated before the polymer- 
ization product is fed into a first gas phase reactor. 

12. The process according to claim 11 , wherein the po- 
lymerization product is conducted from the slurry re- 
actor to the first gas phase reactor via a jacketed 
pipe line heated by steam for providing at least a 
part ol the energy needed tor evaporation ol the re- 
action medium. 

13. The process according to any of the preceding 
claims, wherein the polymerization product fed to 
the first gas phase reactor contains copolymers 
comprising at leasi 0.5 wi-%. preferably 2 lo 16 wl- 
% of at least one comonomer. 

1 4. The process according to claim 1 3, wherein the po- 
lymerization product is copolymertzed in the first 
gas phaee reactor with additional comonomere Lo 
increase the comonomer content. 

15. The process according lo claim 13, wherein the 
comonomer content Is Increased to up to 20 wl-%. 



17 380 A1 20 

16. T>ie process according to any of claims i to 13, 
wherein polymerization in the first gas phase reac- 
tor is carried out without additional monomer leed. 

5 17. The process according to any one of the preceding 

claims, wherein a polymerization product is recov- 
ered from the pas phase reactor. 

18. The process according to cfaim 1 7, wherein the po- 
to lymerization product is subjected to copolymeriza- 
tion in the presence of comonomers to provide a 
first modified polymer with improved softness prop- 
erties. 

1B 19. The process according to claim 18, wherein the co- 
polymer iza lion is carried out in a second gas phase 
reactor arranged in series with the first gas phase 
reactor. 

20 20. The process according to claim 1 9, wherein the sec- 
ond mocfified polymer is subjected to a least one 
furtner copoiymerization reaction In at least one fur- 
ther reactor 

6 21, The process according to any of Iho preceding 

claims, wherein at least part of the unreached mon- 
omers are recovered from the second and/or third 
gas phase reactor and recycled back lo the previ- 
ous gas phase reactor(s). 

90 

22. The process according to any of the preceding 
claims, wherein the unreacied monomers recov- 
ered from the first gas phase reactor are recycled 
back to the gas phase reactor. 

jf 

23. The process according to any of the preceding 
claims, wherein a part of the un reacted monomers 
recovered from a gas phase reactor and recycled 
back to a slurry reactor. 

40 

24. The process according to claim 23, wherein the 
amount ot monomers recycled comprises 1 to 50 
wt-% of the amount ol monomers in the feed of the 
slurry reactor. 

25. The process according to any oi the preceding 
claims, wherein the production rate of the slurry re- 
actor is 10 lo SO wt-%. preferably less lhan 50 

of the IdihI production rate of the slurry and the first 
&o gas phase reactor. 

26. The process according to any of the preceding 
claims, wherein hydrogen is used in at least one re- 
actor as a molar mass modifier. 

SB 

27. The process according to any of me preceding 
claims, wherein the catalyst used is prepolymerfced 
before feeding it into ihe process. 
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23. A process for preparing propylene copolymers, 
which comprises the steps of 

subjecting propylene with comonomers to po- 
lymerization in the presence of a catalyst ax a 
temperature in the range of 60 to 85°C and at 
an elevated pressure in at least one slurry re- 
actor to produce a first copolymer ization prod- 
uci comprising a propylene copolymer and un- 
reacted monomers, 

recovering the copolymer ano * * nG unreached 
monomers, 

feeding the copolymer toat least one gas phase 
reactor, 

- feeding essentially all ol the unreacted mono- 
mers lo said gas phase reactor, 
subjecting the copolymer and the unreacted 
monomers to polymerization in ©aid gas phase 
reactor to produce a second copolymer feaiion 
product containing propylene polymer and gas- 
eous substances, and 

recovering the propylene copolymer, at least 1 0 
% of which is being produced in the gas phase 

reaclor(s). 

20. The process according lo claim 28, wherein the pro- 
pylene polymer Is fed to a further gas phase reactor 
for copolymerization. 

30. The process according to claim 28 or claim 29, 
wherein hydrogen is used as molar mass modifier 
in at least one of the reactors. 

31. Trie process according to any of claims 26 to 30, 
wherein the polymerization in said gas phase reac- 
tor Is carried out essentially without additional feed 
of monomers. 



cording to any of claims i to 33, comprising 2 to 16 
wt-% of ai least one comonomer and having a ran- 
domness of at least 70 %. 
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is 



20 



so 



32. An apparatus for preparing propylene copolymers, 
which comprises 

* at least one slurry reactor and at least one gas 
phase reactor, connected in series to form a 
cascade, 

- a conduit interconnecting at least one slurry re- 
actor wltn at least one gas phase reactor for 
conducting essentially all of the unreacted 
monomers from the slurry reactor to the gas 
phase reactor, and 

means connected to satd slurry reactor for 
feeding propylene and comonomers directly to 
the slurry reactor. 

33. The apparatus according to claim 32. wherein the 
conduit comprises a jacketed pipe irne provided 
with means for heating it whh steam. 



40 



SO 



34. A propylene copolymer prepared by a process ac- 
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